Background: Hepatitis B virus (HBV) causes both acute and chronic liver injury. Viral proteins are involved in the pathological progress. Hepatitis B core antigen (HBcAg), a component of viral nucleocapsid, is not only essential for HBV lifecycle, but also exhibits strong immunogenicity. The cytoplasmic location of HBcAg in liver biopsy is associated with liver injury and inflammation, but the exact mechanisms remain to be elaborated. Methods: Huh7, SMMC-7721 and L-02 cells were transfected with pEGFP-N1-HBcAg to establish an intracellular HBcAg expression model. The mRNA and protein levels of Interleukin (IL)-6 were detected by qPCR and ELISA respectively. The signaling pathway-related proteins were investigated by western blot and immunofluorescence assay. Results: HBcAg increased the expression and secretion of IL-6 through activating extracellular signal-related kinase (ERK), p38 mitogen-activated protein kinase (p38 MAPK) and nuclear factor-kappa B (NF-κB). These activations can be blocked by specific inhibitors of the three pathways. Conclusions: HBcAg actives p38, ERK1/2 and NF-κB to enhance the production of IL-6 in hepatocytes. This provides a molecular mechanism to explain the association of cytoplasmic HBcAg with severe liver injury and inflammation.
Introduction
Hepatitis B virus (HBV) infection can develop progressive chronic disease that leads to hepatitis, cirrhosis and hepatocellular carcinoma (HCC) [1] . It has been suggested that HBV genotypes and viral components contribute to HBV-related pathogenesis [2] , but its molecular mechanisms remain unclear. Hepatitis B core antigen (HBcAg) is not only an important viral structural protein, but also exhibits strong immunogenicity eliciting both humoral and cellular immunoresponse.
The responses of a HBV-infected host to HBcAg exposure appears to be diverse. HBcAg negatively regulates HBcAg-specific T-helper (Th) 17cell responses [3] , inhibits host antiviral immunity through upregulating the expression of programmed death-1 (PD-1) on CD4 + T cells [4] . On the other hand, HBcAg induced intra-hepatic leukocytes (IHLs) to produce tumor necrosis factor alpha (TNF-α) which is helpful for virus clearance [5] .A positive relationship between HBcAg and hepatic inflammation has been observed. HBcAg can be located in nucleus and/or cytoplasm of cells, the predominant cytoplasmic expression of HBcAg was often accompanied by significant liver injury, and thus it was considered as a potent viral antigen for immune-mediated liver damage in chronic hepatitis B (CHB) [6] [7] [8] .
In addition, intracellular HBcAg was reported to be related with the pathogenesis of human fulminant viral hepatitis and severe CHB [9, 10] .
Interleukin (IL)-6 is one of the most important cytokines involved in hepatic inflammation and liver carcinogenesis in both animal models and patients with liver diseases [11] [12] [13] . Serum IL-6 level was positively associated with HCC risk [11] and aspartate aminotransferase (AST) [14] , and functioned as a predictive factor of HCC survival [15] . During hepatocarcinogenesis, the autocrine IL-6 in HCC progenitor cells (HcPCs) and hepatic stellate cells (HSCs) was linked with cancer progression [16, 17] . Several studies reported that human hepatoma cells and hepatic cells also secrete IL-6 after activating nuclear factor-kappa B (NF-κB) and a MyD88-dependent signaling pathway, and this activation was regulated by PP2Cα in the presence of HBV X protein [18] [19] [20] .
We have found that extracellular recombinant HBcAg stimulation promoted IL-6 production by peripheral blood mononuclear cells (PBMCs) from CHB patients [3] , to further investigate the effect of HBcAg on HBV-infected liver cells, we expressed HBcAg in hepatocytes, and revealed that HBcAg stimulated IL-6 expression and secretion through the activation of NF-κB, extracellular signal-related kinase (ERK) and p38 mitogen-activated protein kinase (p38 MAPK) in hepatic and hepatoma cells.
Materials and Methods

Cell culture
Human hepatic L-02 cells, human hepatoma SMMC-7721 cells and Huh7 cells were grown in DMEM containing 10% fetal calf serum in an atmosphere of 5% CO 2 at 37℃. The L-02 cells and SMMC-7721 cells were obtained from Cell Bank of Type Culture Collection of Chinese Academy of Science, Shanghai Institute of Cell Biology, Chinese Academy of Science, and Huh7 cells were from American Type Culture Collection.
DNA constructs and transfection
The expression of HBcAg-GFP fusion protein was constructed by cloning the pre-core/core gene into the pEGFP-N1 vector at Hind Ⅲ (TAKARA, Japan) and Kpn Ⅰ (TAKARA, Japan) restriction sites. The forward primer was CCCAAGCTT ATGCAACTTTTTCACCTCTGCCTAATC and the reverser primer was CGGGGTACC CATTGAGGTTCCCGAGATTGAG. The pEGFP-N1 vector that expressed GFP protein was used as a control.
Cells were transfected using Lipofection 3000 reagent (Invitrogen, USA) according to manufacturer's instructions. Briefly, a total of 2.5μg of plasmid was transfected into the settled 8×10 5 cells per well in a 6-well plate. Water was treated as plasmids and transfected into cells to make a mock group. At 12 hours and 24 hours after transfection, cells and culture supernatants were collected for analysis.
ELISA
The collected culture supernatants were centrifuged at 1,000 g for two minutes, and IL-6 protein in the cleared supernatants were detected by ELISA kits (Lianke, China).
Real-time RT-PCR analysis
Eastep TM Universal RNA Extraction Kit (Promega, USA) was used to extract total RNA from the collected cells. PrimeScript ™ RT reagent Kit with gDNA Eraser (Perfect Real Time; TAKARA, Japan) was used to synthesize cDNA with 2μg of RNA templates. SYBR ® Premix Ex Taq ™ II (Tli RNaseH Plus; TAKARA, Japan) was used to quantitatively amplify 2μL of cDNA (ABI7500, USA). The expression of β-actin was detected to calibrate the expression of IL-6 among different samples. The same primer sequences for IL-6 and β-actin were used, as reported by Xiang et al. [20] . 2 -△△Ct method was used to analyze the expression fold change of IL-6 mRNA by comparing △Ct of HBcAg or GFP group to △Ct of mock group.
Western blot analysis
Cells were collected at 24 hours after transfection, and lyzed with RIPA buffer (Millipore, Germany) to prepare the protein samples. The halt protease and phosphatase inhibitor cocktail (Thermo Scientific, USA) was added to the lysis buffer at a volume ratio of 5:100. After separation in 10% sodium dodecyl sulfate polyacrylamide gels, proteins were transferred onto polyvinylidene difluoride (PVDF) membranes (Millipore, Germany). PVDF membranes were blocked with 5% bovine serum albumin (BSA) for two hours at room temperature, incubated with a specific first antibody at a dilution of 1:1,000 overnight at 4℃, followed by incubation with HRP-conjugated secondary antibody (1:5,000). The first antibodies included antibodies against GFP, p38, phospho-p38, ERK1/2, phospho-ERK1/2 and IκB. All these antibodies were purchased from Cell Signaling (USA). The antibody against GAPDH (Glycerol-3-phosphate dehydrogenase) was supplied by HuaAn Biotechnology (China). An EZ-ECL Kit (Biological Industries, Israel) was used to detect the specific bands. ImageJ software was used to determine the relative levels of targets proteins to GAPDH.
Immunofluorescence assay
Approximately 5×10 3 cells per well were seeded in 24-well plate overnight, transfected with 1μg of plasmids, and incubated for 24 hours. Cells were fixed using 4% paraformaldehyde for 30 minutes, followed by incubation with 0.5% Triton-X 100 for 20 minutes at room temperature. After blocking with 1% BSA, cells were incubated with anti-p65 antibody (Santa Cruz ,USA) or anti-hepatitis B virus core antigen antibody (Abcam, USA) at 4℃ overnight, incubated with an Alexa Fluor ® 568 conjugated donkey antiRabbit IgG (H+L) secondary antibody or Alexa Fluor ® 568 conjugated donkey anti-Mouse IgG secondary antibody (ThermoFisher scientific, USA) for one hour at room temperature, and counterstained by DAPI for five minutes. Subcellular localization of the p65 subunit or HBcAg was examined under Zeiss confocal microscopy (LSM 510 Meta, Germany).
Effect of specific signaling pathway inhibitors on IL-6 stimulation Approximately 5×10
4 cells per well were cultured in 24-well plate overnight. At 12 hours after transfection, the transfected cell supernatants were removed and washed with fresh DMEM triplex, incubated with DMEM contained 10%FBS with the addition of 20 μM of SB203580 (Selleck, USA), 15 μM of U0126 (Cell Signaling, USA) and 10 μM of QNZ (6-amino-4-(4-phenoxyphenylethylamino)quinazoline) (Selleck, USA) individually or mixed for another 12 hours. The supernatants were collected and IL-6 protein levels were detected by ELISA kits (Lianke, China). The high degree of specifity of pyridinyl imidazole SB203580 of MAPK p38 has been determined by researchers, it has no effects on many other protein kinases, including MAPK family members such as ERK1/2 and c-Jun N-terminal kinase (JNK) [21] [22] [23] [24] . U0126 inhibit the phosphorylation of ERK1/2 by MPAK kinase 1(MKK1), and its specificity was confirmed by references [21, 25, 26] . QNZ was first discovered by Tobe et al. [27] , it may inhibit extracellular Ca 2+ influx to disturb the activation of NF-κB [28] , and its specifity was partialy proved by Pratap Karki et al. [29] .
Statistical analysis SPSS was used to perform statistical analysis (Version 16.0; Chicago, IL, USA). A p-value <0.05 was considered statistically significant. The independent t-test was used to detect the difference between two groups. A one-way analysis of variance (ANOVA), followed by a Least Significant Difference (LSD) test was used to analyze the difference among three or more groups. The graphs were drawn with GraphPad Prism (Version 5.0; GraphPad, USA) and Adobe Illustrator (Version 6.0; Adobe, USA), datas were presented as mean±SME (standard error of the mean).
Results
IL-6 production in hepatic and hepatoma cells was elevated by HBcAg
The expression of HBcAg was detected by anti-GFP antibody and anti-HBcAg antibody in Huh7 cells (Fig. 1) . In Huh7 cells, HBcAg was expressed predominantly in cytoplasm ( Fig.  1(a) ). IL-6 mRNA and protein expression levels were significantly increased in transfected Li et 
L-02 cells, SMMC-7721cells and Huh7 cells with a GFP-tagged HBcAg plasmid compared to control plasmid transfected cells. A higher IL-6 expression was more prominent at 24 hours than at 12 hours ( Fig. 2( a and b) ).
To verify that enhanced IL-6 synthesis was not only occured in HBcAg-overexpressed cells, but also in HBV-replicating cells, we transfected L-02 cells with pcDNA3.0-1.3HBV, and detected the expression of IL-6. Results showed that levels of IL-6 increased sharply in HBV genomic DNA compared to pcDNA3.0 transfected cells after 24 hours of transfection (Fig.  2(c) ).
p38/ERKs was activated for elevated IL-6 expression by HBcAg
In order to investigate the signaling pathways possibly involved in HBcAg-induced IL-6 expression, the activity of MAP kinase in L-02, SMMC-7721 and Huh7 cells was probed by specific anti-phospho-p38 and anti-phospho-ERK (Thr202/Tyr204) antibodies. The up- regulation of the phosphorylation of p38, ERK1 and ERK2 was detected at 24 hours after transfection, although there was no significant change in the total protein levels of p38, ERK1 and ERK2 (Fig. 3) .
NF-κB was activated for IL-6 expression by HBcAg
Relative levels of NF-κB components were investigated upon HBcAg-stimulated IL-6 production. Notable degradation of Iκ-B (Fig. 4 (a and b) and translocation of p65 subunit from the cytoplasm to nucleus in SMM-C7721, Huh7 and L-02 cells (Fig.  4(c) ) were detected. Phosphorylation of p38 and ERK1/2 was determined using specific antibodies by western blot. (b and c) The relative levels of targets proteins to GAPDH were analyzed by ImageJ software. Results are presented as mean ± SME of triplicate experiments and analyzed by independent t-test. **p<0.01, *p<0.05. 
p38, ERK and NF-κB were required for HBcAg-stimulated IL-6 production
In order to confirm the requirement of p38, ERK and NF-κB for HBcAg-induced IL-6 expression, cells were transfected with HBcAg and treated with the p38 inhibitor SB03580, the MEK1/2 inhibitor U0126 or the NF-κB inhibitor QNZ to determine IL-6 expression. HBcAg-stimulated secretion of IL-6 was significantly suppressed. The maximal suppression of IL-6 secretion occurred in cells treated with a combination of MAPKs and NF-κB inhibitors (Fig. 5) .
Discussion
In this study, we used a hepatic cell line and two hepatoma cell lines to study the possible link between HBcAg and IL-6 production. IL-6 expression and secretion were significantly elevated after cells were transfected with the HBcAg expression vector. The elevated IL-6 expression was accompanied by activated p38/ERKs, MEK and NF-κB pathways. The molecular link between the elevation of IL-6 expression and activation of the three pathways were further suggested by individual or mixed pathway inhibitors.
HBcAg, which is composed of 183 residues with a 21 kDa molecular weight, is not only required for productive HBV lifecycle, but also elicit diverse responses from the host cells, due to its potent immunogenicity [4, 5, [30] [31] [32] [33] [34] . The strong immunogenicity of HBcAg was suggested by the stimulation of TNF-α production in IHLs [5] , increase of TNF-α, IL-12p40 and IL-6 expression in human THP-1 macrophages [35] , and induction of IL-10, IL-17A, IL-22, IL-23, IL-6 and IL-18 production in PBMCs [3, 36, 37] , when HBcAg was exposed to those cells. Predominant cytoplasmic HBcAg was associated with liver injury in CHB patients [7, 8] , but its exact mechnisms remain to be established. As reported, the expression of HBcAg upregulated the expression of hFGL2 through promoting the translocation of c-Est2 to the nucleus in HepG2 cells [9] , while hFGL2 was possibly associated with pathogenesis of human fulminant viral hepatitis and severe CHB [10] . In this study, we expressed a GFP-tagged HBcAg fusion protein in hepatic and hepatoma cells, to mimic intracellular HBcAg in HBVinfected cells [38] , to probe for possible effect on the production of IL-6 at both mRNA and protein levels. IL-6 is known for proinflammatory function. The elevation of IL-6 expression in response to HBcAg, as shown in this study, provided a potential molecular link between predominant cytoplasmic HBcAg and severe liver injury, suggesting that HBcAg can increase IL-6 production under certain circumstances, which play roles in the pathogenesis of hepatic diseases.
Previous studies have reported several signal pathways that can be regulated by HBcAg. In the presence of extracellular HBcAg, the NF-κB, ERK and p38 MAPK pathways were Fig. 5 . Activation of p38, ERK1/2 and NF-κB pathways was required for HBcAg-induced IL-6 production. L-02 cells, Huh7 cells and SMMC-7721 cells were transfected with HBcAg-GFP or GFP plasmids for 12 hours, the supernatant were replaced, and the cells were washed three times and treated with 20μM SB203580, 15μM U0126 and 10μM QNZ individually or mixedly for another 12 hours, then the secreted IL-6 protein was detected by ELISA. The differences among groups were analyzed by one-way ANOVA (LSD). The different letters above the bars indicates significant difference (p<0.05) among treatments. activated, which led to production of proinflammatory and regulatory cytokines in human monocytic THP-1 macrophages [35] . The ERK, JNK and phosphatidylinositol 3-kinase (PI3K)/protein kinase B (Akt) pathways were stimulated to induce the upregulation of the expression of PD-1 in CD4 + T cells [4] . In this study, p38, ERK and NF-κB pathways were activated by the predominant cytoplasmic expression of HBcAg in transfected cells. The p38, ERK and NF-κB were all associated with sustained inflammation [39] . There was a significantly greater cytoplasmic HBcAg expression in hepatic cells from patients with chronic persistent hepatitis and chronic active hepatitis [7] . Our findings implicate a possible link between predominant cytoplasmic HBcAg and sustained hepatic inflammation through p38, ERK and NF-κB pathways. ERK1/2 pathway also contributes to cell proliferation [40] , while pro-proliferation function of HBcAg has been observed. HBcAg enhances the production of human telomerase reverse transcriptase (hTERT) to promote the proliferation of HepG2 [30] . An investigation of HBcAg expression in liver tissue revealed predominant cytoplasmic HBcAg associated with higher levels of proliferating cell nuclear antigen (PCNA) [8] . Besides, IL-6 was also reported to be involved in liver regeneration [13, 41] . Taken together, HBcAg might play multiple roles in the progress of HBV-related disease.
In addition, other HBV proteins activated cellular signal pathways. HBx, a regulatory protein, can stimulate multiple host pathways including p38, ERK, JNK and NF-κB [20, 42, 43] . Large surface protein activated p38 and NF-κB [44, 45] , while C-terminally truncated middle surface protein activated ERK2 [46] , NF-κB and other pathways [47] . It seems that HBV viral proteins exert a collective effect on cellular gene expression and regulatory pathways.
The liver is composed of several types of cells, in chronic active and persistent hepatitis patients, the hepatic local production of IL-6 was observed in sinusoidal endothelial cells, necrotic areas of hepatocytes, Kupffer cells and infiltrating mononuclear cells [48] . While in vitro, HcPCs, HSCs and hepatic carcinoma-associated fibroblasts(CAFs) produce IL-6 during hepatocarcinogenesis [16, 17, 49] , sinusoidal endothelial cells and Kupffer cells secrete IL-6 in the presence of endotoxin [50, 51] , hepatocytes express IL-6 in response to HBx [18] [19] [20] and HBV middle surface proteins [52] . In this study, we revealed that HBcAg can also induce IL-6 production in parenchymal cells. It is proposed that the intrinisic innate immunity within hepatocytes cooperates with liver immune cells to resistant HBV infection, and the viral production like covalently closed circular DNA (cccDNA), pregenomic RNA (pgRNA) and viral proteins in hepatocytes, act as pathogen-associated molecular patterns (PAMPs) to initiate host immune response [53] . Recently, Norris et al. [54] found that under the stimulation of LPS, normal rat hepatocytes were directly induced to express IL-6 mRNAs and protein in vitro and in vivo. It can be speculated that hepatocytes secrect IL-6 once infected by HBV, but it needs to be confirmed in the future and the role of hepatocytes played in hepatic pathogenesis remains to be explored.
Conclusions
Our results revealed that the expression of HBcAg in hepatic and hepatoma cells induce the elevated expression of IL-6, which was mediated through activating p38, ERK and NF-κB pathways. Our findings suggest new evidences for the theory that intracellular HBcAg is a viral antigen for immune-mediated liver damage, and HBV-infected parenchymal cells may produce proinflammatory cytokines that involved in pathogenesis of hepatitis B. However, the effects of HBcAg in vivo are worth to be verified in the future. Li 
